It is encouraging to report that even with the limited funding resources compared to two decades ago, creativity and ingenuity in hypervelocity science are alive and well. There is considerable overlap in different disciplines that allows researchers to leverage. Experimentally, higher velocities are now available in the laboratory and are ideally suited for space applications that can be tied to both civilian (NASA) and DoD military applications. Computationally, there is considerable advancement both in computer and modeling technologies. Higher computing speeds and techniques such as parallel processing allow system level type applications to be addressed directly today, much in contrast to the situation only a few years ago. Needless to say, both experimentally and computationally, the ultimate utility will depend on the curiosity and the probing questions that will be incumbent upon the individual researcher. It is quite satisfying that over two dozen students attended the symposium. Hopefully this is indicative of a good pool of future researchers that will be needed both in the government and civilian industries. It is also gratifying to note that novel thrust areas exploring different and new material phenomenology relevant to hypervelocity impact, but a number of other applications as well, are being pursued. In conclusion, considerable progress is still being made that is beneficial for continuous development of hypervelocity impact technology and applications even with the relatively limited resources that are being directed in this field.
HYPERVELOCITY IMPACT SOCIETY
The Hypervelocity Impact Society is devoted to the advancement of the science and technology of hypervelocity impact and related technical areas required to facilitate and understand hypervelocity impact phenomena. Topics of interest include experimental methods, theoretical techniques, analytical studies, phenomenological studies, dynamic material response as related to material properties (e.g., equation of state), penetration mechanics, and dynamic failure of materials, planetary physics and other related phenomena.
The objectives of the Society are to foster the development and exchange of technical information in the discipline of hypervelocity impact phenomena, promote technical excellence, encourage peer review publications, and hold technical symposia on a regular basis. It was sometime in 1985, partly in response to the Strategic Defense Initiative (SDI), that a small group of visionaries decided that a conference or symposium on hypervelocity science would be useful and began the necessary planning. A major objective of the first Symposium was to bring the scientists and researchers up to date by reviewing the essential developments of hypervelocity science and technology between 1955 and 1985. So 2005, marked the 20 th anniversary of the "seeding" of the Hypervelocity Impact Symposia under the auspices of the Hypervelocity Impact Society. This Symposia -HVIS 2005 is now the ninth Symposium since that beginning. The papers presented at all the HVIS are peer reviewed and published as a special volume of the archival journal International Journal of Impact Engineering. The eight previous HVIS proceedings contain nearly 7,000 pages of peer reviewed hypervelocity research papers. HVIS 2005 followed the same high standards and its proceedings will add to this enduring body of work.
HYPERVELOCITY IMPACT SYMPOSIUM
The 2005 Hypervelocity Impact Symposium (HVIS 2005) was the ninth in the "modern" series and was held October 9-13, 2005 at the Resort at Squaw Creek in California. Lalit Chhabildas from Sandia National Laboratories and Dennis Orphal from International Research Associates took the lead as co-chairman for symposium. A technical committee was established to assist with the organization of the symposia. The make up of the technical committee was diverse and consisted of well-reputed international scientists who are experts in their specialty. A list of the technical committee is provided in Appendix A.
We received a total of 148 abstracts from fifteen different countries. The technical committee recommended 100 abstracts for further consideration. 100 manuscripts were submitted and peer reviewed; all HVIS papers are peer reviewed for publication in the archival Journal -International Journal of Impact Engineering (IJIE). As a result of peer review, the technical committee selected only 84 papers for presentation at the meeting and for publication in the special volume of the IJIE. The guidelines used to select the manuscripts include the relevance, quality, and the originality of research representing hypervelocity impact phenomena. The 196 attendees included twenty-five students at a discounted registration rate. We make a significant effort to involve quality students as an investment in the future research and development of the technology. By this encouragement and help with expenses, we endeavor to provide the students with an incentive and a motivation for further career development in this discipline.
As indicated above a total of 84 papers were selected for presentation at the HVIS-2005. The symposia has a no paper -no podium policy, i.e., if the publishable journal article is not received on time, the authors are not allowed to present it at the symposia. Of these, 84 papers, 52 were presented orally and 32 were presented as posters. All oral papers are presented as plenary talks to ensure maximum exposure; the poster talks also get full exposure by scheduling and dividing those in between technical sessions everyday. In addition, four keynote lectures, including the HVIS Distinguished Scientist Award lecture, representing either a review of the literature and/or the current state of the art were also presented at the symposia.
TECHNICAL PAPERS
This report is an attempt to provide a brief summary of the technical findings and advances represented in the papers presented at HVIS 2005. The combination of this brief summary, along with the abstracts and the complete proceedings copy will constitute a review of the current state-of-the-art of hypervelocity science circa 2005. In addition to the regular technical sessions, four keynote lectures, including the distinguished scientist award, representing either a review of the literature and/or the current state of the art were also presented at the symposia. 
SUMMARY/HIGHLIGHTS OF THE SYMPOSIUM
Considerable progress has been made in the discipline of hypervelocity technology development and applications. There is considerable interest in the development of high speed launchers. Magnetic launchers (not a rail gun) have been developed that can accelerate plates to over 30 km/s. A time-dependent magnetic field is used to drive aluminum plates nominally 300 microns thick. Modified two-stage gun launchers also known as three stage light gas guns are being used to launch dust clouds to over 10 km/s; 1-mm size particles can be launched to around 19 km/s. Three stage gun launchers are also being designed to launch "spheres" to around 10 km/s. To date they have achieved around 8.7 km/s. The concept of using two two-stage light-gas gun throwing projectiles at each other is still being pursued. New two-stage light gas gun facilities are still being developed. There were a dozen papers on launchers presented at the meeting.
Many of these hypervelocity launcher developments are motivated by space applications -especially to investigate space debris impact on targets. Cryogenic techniques are also being interfaced to determine the effects of cold targets to space debris impact. The targets are designed to represent solar arrays, satellites, debris shields, single and multiple Whipple space bumpers, etc. There is also interest in determining effects of asteroid impacts on the earth -with applications to space defense. There were approximately half a dozen papers on space debris shielding.
Hypervelocity impact and penetration phenomenology is extremely varied. This topic area includes investigations tailored to address penetration phenomena in a variety of targets including metals, ceramics, composites, and geo-materials. The penetrators include long rods, and spheres. In particular penetrator shape effects, beyond simply long-rods vs. "chunky projectiles" is now being seriously investigated. Strength issues related to penetration continue to be studied. Strength of materials is determined directly to very high bar mega pressures. This includes ceramic and metallic targets. There were fourteen papers on penetration behavior capturing the above mentioned topics.
Fracture and fragmentation of materials has become a topic of major interest as reflected in the number of papers on this general topic at HVIS 2005. A dozen papers, including a keynote address were identified to be presented under the general topic heading of Fracture and Fragmentation. And, this is a low estimate since there is considerable overlap as evidenced by the many of the papers on damage, material phenomenology, and debris shielding and penetration behavior. This topic is quite informative and discussions included, Mott's classic fragmentation criteria originated around WWII, the Butcher-Tuler model discussed in the early sixties, energy based fragmentation behavior, engineering models, behind armor debris and computational methods to implement fragmentation behavior. It is interesting to see how well these "classical" models compare with old as well as modern data. And at the same time it is very clear that much progress remains to be accomplished in understanding fracture and fragmentation of solids. It appears that there is interest developing in understanding fragmentation in liquids as well.
One of the areas that have shown considerable progress is in the topical area of analytical and numerical computations. With the availability of much improved material models combined with state of the art hydrodynamic (really continuum mechanics) or structural codes, and the development of high speed computational techniques (parallel processing), there is now an added incentive to view computational results in the same framework as experimental data. New numerical techniques are being developed. Some of the examples are molecular dynamics simulations, smooth particle hydrodynamics, and mesh-free particle techniques with finite element methods. The applications include, cluster impact, penetration phenomena, impact on space shields, space shuttle, explosives, composites, and ceramics. The topics where numerical tools are applied are both diverse and varied and are and indication of an enormously greater level of maturity than what existed a decade ago.
There are novel thrust areas where hypervelocity impact technology is being used to explore material phenomena. Examples include
• radio emissions
• phase transitions • x-ray diffraction The above list is an indication of researchers' ingenuity in exploring hypervelocity material phenomena where very little is known or established. It is indeed gratifying to note that ingenuity and creativity are alive and well.
CLOSURE
It is encouraging to note that even with the limited funding resources compared to two decades ago, creativity and ingenuity are alive and well. There is considerable overlap in different disciplines that allows researchers to leverage. Experimentally, higher velocities are now available in the laboratory and are ideally suited for space applications that can be tied to both civilian (NASA) and DoD military applications. Computationally, there is considerable advancement both in computer and modeling technologies. Higher computing speeds and techniques such as parallel processing allow system level type applications to be addressed directly today, much in contrast to the situation only a few years ago. Needless to say, both experimentally and computationally, the ultimate utility will depend on the curiosity and the probing questions that will be incumbent upon the individual researcher. It is quite satisfying that over two dozen students attended the symposium. This should provide a good pool of future researchers that will be needed both in the government and civilian industries. It is also gratifying to note that novel thrust areas exploring different and new material phenomenology relevant to hypervelocity impact, but a number of other applications as well, are being pursued.
In summary, HVIS 2005 was a clear success. The Symposium brought together nearly two hundred active researchers and students from thirteen countries around the world. The 84 papers presented at HVIS 2005 constitute an "update" on current research and the state-of-the-art of hypervelocity science. Combined with the over 7000 pages of technical papers from the eight previous Symposia, beginning in 1986, all published in the International Journal of Impact Engineering, the papers from HVIS 2005 add to the growing body of knowledge and the progressing state-of-the-art of hypervelocity science. Thus, considerable progress is still being made for continuing development of hypervelocity science, hypervelocity impact technology and corresponding applications, even with the relatively limited resources that are being directed in this field. 
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